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REMARKS/ARGUMENTS 
Claims 3-9 and 25-29 are presently pending. Entry of the foregoing and favorable 
reconsideration and reexamination of the subject application, as amended, pursuant to and 
consistent with 37 C.F.R. Section 1.112, and in light of the remarks which follow, are 
respectfully requested. 

The rejection of Claims 4, 7, 9 and 25-27 under 35 U.S.C. § 1 12, first paragraph 
(enablement)is respectfully traversed. 

In rendering this rejection, the Examiner purports that it would be undue 
experimentation to obtain a vaccine for malaria since a vaccine for malaria has not yet been 
successfully achieved and there is a lack of guidance in the specification for the claimed 
vaccine compositions. Applicant respectfully disagrees with the Examiner's conclusion for 
the following reasons. 

The Examiner has cited several references in support of the above conclusion, which 
references will be discussed in more detail below. The only conclusion that can be drawn 
from these references is that they are not relevant to the subject matter of the claimed 
invention. 

More specifically, the Examiner relies on Arevalo-Herrera et al and concludes the 
complexity of the parasite's life cycle makes a universal, effective and long-lasting vaccine 
difficult to produce. The entire article is based on P. vivex vaccines of the pre-erythrocyte 
stage, the CS protein, the sporozoite surface protein 2, the asexual blood stages, the duffy 
binding protein and the apical membrane antigen 1 . With respect to MSP-3 antigen, the 
authors merely state that it is being characterized and currently being analyzed for 
antigenicity and epitope mapping. Thus, it cannot be said that the problems associated with 
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malaria vaccines as described in Arevalo-Herrera et al would apply to MSP-3, since no 
information was available concerning the vaccine potential of this antigen at the publication 
date of this reference. 

Bouharoun-Tavoun et al is a scientific article that reports that the Hu-SPL-SCID 
model can be successfully employed to induce human antibody-secreting cells specific of low 
immunogenicity neo-antigens such as MSP-3, which represent a new and valuable source of 
human monoclonal anti-malaria antibodies. The only mention of a vaccine in this article is 
on page 2, which describes MSP-3 as a vaccine candidate, but does not describe any results 
or why MSP-3 qualifies as a vaccine candidate. 

Kurtis et al is directed to the LSA-1 antigen, which is a liver stage antigen and is not a 
merozoite stage antigen. The conclusions of this article are therefore irrelevant to the 
presently claimed invention. 

Shi et al describe a multistage and multivalent vaccine, which would probably be 
efficacious (See, Abstract). Table 1 describes the amino acid sequences, as well as the 
antigen-epitope that were used in the development of the vaccine. MSP-3 is not described 
among the antigen-epitopes used in their vaccines. Therefore, this reference is also irrelevant 
with respect to the claimed invention. 

It appears that the Examiner, in rendering this rejection, is misinterpreting the claims 
to recite a commercialized vaccine. However, the claims solely recite a vaccine. The sole 
criteria of a vaccine is to stimulate an immune response that can prevent an infection or create 
resistance to an infection or to reduce the parasite load or reduce or eliminate parasite 
replication or growth after invasion. T-cell and antibody responses are indicative of an 
immune response. Applicant submits that the present invention shows such responses. 
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Indeed, the present specification clearly shows the results of a first clinical trial 
undertaken using the various claimed peptides. This clinical trial was performed on 36 
human subjects, which were administered the MSP-3 peptides of the present invention. The 
results from these clinical trials were as follows: 

(1) Antibody and T-cell responses remained detectable at month-4 and were 
boostable by the third immunization; 

(2) IFN-gamma secretion was extremely high; 10,000 to 50,000 International 
Units; 

(3) Subclasses of IgGl and IgG3 predominated over IgG2 and IgG4, which is the 
optimal profile for isotype distribution; 

(4) Over all immunogenicity was much higher than recorded in pre-clinical 
models of mice and South American primates where responses were lower 
with Montanide® and absent with alum; 

(5) The functional bioassay results demonstrated that the vaccine containing the 
peptides of the present invention is safe, immunogenic, induces the classes of 
IgG needed to have a biological effect and that the antibodies have the ability, 
in cooperation with monocytes, to exert a killing effect upon P. falcipaium. 

The results set forth in the examples of the present invention are clearly indicative that 
the peptides of the presently claimed invention, in fact, produce an immune response 
indicative of a vaccine. 

Finally it can be said that further studies carried out using several of the claimed 
peptides of the present invention confirmed the important epitopes of MSP-3b, MSP-3c and 
MSP-3d fragments as set forth in Singh et al (see Annex II, submitted herewith). Singh et al 
demonstrated that high IgG titers against MSP-3b, MSP-3c and MSP-3d peptides were 
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observed among protected, compared with non-protected human subjects, as indicated at 
page 1015, first column, second paragraph. 

Moreover, in Meraldi et al (see Annex III, submitted herewith) a longitudinal study 
was undertaken in Burkina Faso among 293 children aged 6 months to 9 years. The 
conclusion reached in this study was that children had a positive association between their 
level of IgG specific for MSP-3 154-249 before the raining season and subsequent protection 
from clinical malaria episodes. 

Both Singh et al and Meraldi et al clearly demonstrate the success of the presently 
claimed invention in human studies. Thus, Applicants submit that the presently claimed 
invention is, in fact, enabled. As such, withdrawal of this rejection is respectfully requested. 

The rejection of Claims 3-7 and 25-27 under 35 U.S.C. § 102 (b) over McColl et al is 
respectfully traversed. 

McColl et al disclose the complete MSP-3 amino acid sequence from clones D10 and 
3D7 and isolates Kl and CSL-2, having 380, 354, 379 and 379 amino acids in length, 
respectively. McColl et aU however, do not disclose SEQ ID No. 1 1 to 14 as immunogenic 
compositions or vaccines, which are shorter peptide sequences. 

Indeed, McColl et al emphasizes that the heptad repeats illustrated in the boxes in 
Figure 1 at page 25 would be likely candidates to possess immunodominant epitopes. 
However, none of the claimed sequences of the present invention are exclusively present in 
the boxes of Figure 1. 

Since the claimed peptide sequences of the present invention are not disclosed in this 
reference, Applicant submits that the presently claimed invention is novel over McColl et al . 

In view of the foregoing, withdrawal of this rejection is respectfully requested. 
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The rejections of Claims 3-7 and 25-27 under 35 U.S.C. § 102 (b) over Oeuvrav et al 
Blood 1994 or Oeuvrav et al 1994 (Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Supp. 1 1) are 
respectfully traversed. 

It should be noted in that neither reference of Oeuvrav et al discloses SEQ ID Nos. 1 1 
to 14, as the Examiner maintains. Only SEQ ID No. 12 was identified in these references and 
hence this particular sequence is no longer recited as a sole sequence in the immunogenic 
composition. Moreover, neither reference of Oeuvrav et al discloses an immunogenic 
composition that has a combination of MSP-3b, MSP-3c and MSP-3d, as now recited in new 
Claims 28 and 29. 

Furthermore, a close evaluation of the MSP-3a sequences in Oeuvrav et al Blood 
1994 and Oeuvrav et al 1994 , reveals that this sequence starts with the amino acid His (H), 
while the sequence of the MSP-3a of the present invention starts with a Tyr (Y). 

Likewise, the MSP-3 c peptide identified in both Oeuvrav et al references ends with 
the amino acid Glu (E). In contrast in the present invention, the MSP-3c peptide ends with 
the amino acid Asp (D). 

Finally, an MSP3d sequence is not identified in either reference of Oeuvrav et al . 

Thus, the presently claimed invention is not anticipated by Oeuvrav et al Blood 1994 
or Oeuvrav 1994 , since the claimed sequences are not disclosed in these cited prior art 
documents. 

Therefore, in view of the above, withdrawal of this rejection is respectfully requested. 

The rejection of Claims 3 and 8 under 35 U.S.C. § 103 (a) over McColl et al taken 
with Saul et al is respectfully traversed. 
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McColl et al do not disclose the specifically recited MSP-3 peptides of SEQ ID NOs. 
13 and 14. Indeed, McColl et al disclose sequences having a length of 380, 354 and 379 
amino acids of MSP-3 polypeptides from clones D10 and 3D7 and isolates Kl and CSL-2. 
McColl et al do not disclose or even suggest using any shorter peptides for vaccination 
purposes. 

The secondary reference of Saul et al do not remedy the deficiencies of the primary 
reference, since the specifically claimed MSP-3 sequences are not disclosed nor suggested in 
Saul et al . Indeed, the peptides used in Saul et al are a full length MSP-2 peptide, a 175 
amino acid fragment of an MSP-1 peptide and a C-terminal 70% RES A peptide. There is 
simply no disclosure or teaching to motivate the person skilled in the art to use shorter MSP-3 
sequences, let alone those which are currently claimed. 

Since neither reference discloses nor suggests the MSP-3 peptides of the present 
invention, Applicant submits that this rejection cannot be maintained. 

Thus, in view of the above, withdrawal of this rejection is respectfully requested. 

The rejection of Claims 7-9 and 27 under 35 U.S.C. § 1 12, second paragraph, and the 
objection to the specification for including tradenames are obviated by amendment. 

More specifically, the following amendments have been made, which are believed to 
adequately address the Examiner's criticisms: 

- Claim 7 has been amended to delete the phrase "or the vaccine;" 

- Claims 8 and 9 have been amended to replace "Montanide" with the generic 
description of Montanide®; 

Claims 8 and 9 have been amended to remove the conjunctive term "and;" and 

- Claim 27 has been amended to delete "immunogenic composition or." 
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Applicants have also amended the specification to indicate that "Montanide®" is a 
trademark and the generic terminology has been inserted for this trademark. Montanide® has 
also been capitalized wherever it appears. Support for the generic terminology for 
"Montanide®" is provided by Hanlv et al (see, Annex I submitted herewith). 

In view of the foregoing, withdrawal of the indefiniteness rejection and the objection 
to the specification is respectfully requested. 

By the present amendment, the specification has been amended to indicate that 
"Montanide®" is a trademark and the generic terminology has been inserted for this 
trademark. Montanide® has also been capitalized wherever it appears. 

Claims 3, 5, 7 to 9, 25 and 27 have been amended to further clarify the present 
invention or to insert the generic terminology of the trademark Montanide® into the claims 
(See, Annex I). Claims 28 and 29 have been added. Applicant submits that no new matter 
has been added via this amendment. 

The objection to the Abstract as not adequately describing the claimed invention is 
believed to be obviated by the substitute Abstract submitted herewith. Applicant request 
withdrawal of this ground of objection. 

Finally, consistent with the Examiner's request, the status of the related applications 
appearing in the continuity data of the present application has been updated. 
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Applicants submit that the present application is now in condition for allowance. 

Early notification of such action is earnestly solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 
Norman F. Obion 




Vincent K. Shier, Ph.D. 
Registration No. 50,552 



Customer Number 

22850 

Tel: (703)413-3000 
Fax: (703)413-2220 
(OSMMN 08/03) 
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W. C. Hanly, Ph D., Department of Microbiology and Immunology, 
B. Taylor Bennett, D.V.M., Ph D., and James E. Artwohl, D.V.M., 
Biologic Resources Laboratory, 
College of Medicine, University of Illinois 
Chicago, Illinois 

The following was adapted from a series of short articles published in the August and September 
J 994 issues of the BRL Bulletin. These articles were intended to explain briefly the function of 
adjuvants; guidelines for use of adjuvants, particularly Freimd's adjuvants; and to introduce 
alternative adjuvants. For a more in depth discussion of adjuvants and antibody production * 
patrons are referred to the ILAR Journal, volume 37; number 3, 1995. 



Montanide ISA Adjuvants [Seppic, Paris, R-ance] are a group of oil/surfactant based adjuvants 
in which different surfactants are combined with either a non-metabolizable mineral oil, a 
metabolizable oil, or a mixture of the two. They are prepared for use as an emulsion with 
aqueous Ag solution. The surfactant for Montanide ISA 50 [ISA = Incomplete Seppic Adjuvant] 
is mannide oleate, a major component of the surfactant in Freund's adjuvants. The surfactants of 
the Montanide group undergo strict quality control to guard against contamination by any 
substances that could cause excessive inflammation, as has been found for some lots of Arlacel 
A used in Freund's adjuvant. The various Montanide ISA group of adjuvants are used as water- 
in-oil emulsions, oil-in- water emulsions, or water-in-oil-in- water emulsions! The different 
adjuvants accommodate different aqueous phase/oil phase ratios, because of the variety of 
surfactant and oil combinations. The performance of these adjuvants is said to be similar to 
Incomplete Freunds Adjuvant [IFA] for antibody production; however the inflammatory 
response is usually less. 
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Identification of a Conserved Region of Plasmodium 
falciparum MSP3 Targeted by Biologically Active 
Antibodies to Improve Vaccine Design 

SuMwsh Singh* So* So*, 1 Joan-Pedro Mafia, 1 CtrUUao RoossQlton, 1 Michael Tfcafeea* Glampf ami Carradln. 1 
and Plana PruKna 1 

'Bio-Medical Parasitology Unit. Pasteur tostiltfl*. Paris, France: *Stflian Serum tosiiiuta. Copenhagen. Dsnmerk: a lnstltUtB Of BiochomiSTTy. 
Univarjity of Laumrma, Lausanne* Swiizariand '* . • 



. Mercraoite Surface protein $ (MSP3) fa a target of aatibody-depen dent cellular inhibition (ADO); a protective 
mechanism against Pbtsmodwim falciparum malaria. Prom the C- terminal half of the molecule, 6 overlapping 
peptides were chosen to characterize human immune responses. Each peptide defined at least I nc^-cross- U 
reactive B cell epitope. Distinct patterns of antibody responses, by level and IgG subclass distribution, were ' 
observed In inhabitants of a malaria-endemic area. Antibodies affinity purified, toward each peptide di ffered 7 f 
in their functional ca p aci t y to mediate parasite killing in ADO assays: 3 of 6 overlapping peptides had a major . 
inhibitory effect on parasite grtrwth. This result was confirmed by the passive transfer of arrt]-MSP3 antibodies ; t 
in vhm in a A falciparum mouse model. T helper cell epitopes wars identified in each peptide. Antigenicity 
and functional assays identified a 70-uniino acid conserved domain of M5P3 as a target of biologically active V 
antibodies to be included in future vaccine constructs based on MSP3. 

ed individuals who axe exposed to geographically di- 
verse parasite strains [4-6]. We have' eatiJcr shown 
mat the p ro te ction afforded by IgG baa no major direct : - 
effect on parasite invasion and growth in red blood . 
ccfls (RBCs) — faxhet^ k acts in association with blood 
monocytes through an antibody-dependent cethuar in- 
hibition (ADO) mechanism that inhibits parasite de- 
velopment [7). The cytophilit narure of protective IgG 
has been established [8, 9], and the importance of these 
antibodies in protection against malaria has also been 
demonstrated in other independent studies [10, 11]- 
Our search for die targets of the protective antibod- 
ies, using ADC3 as a functional assay, led us to identify 
rnerozoAte snrfece protein 3 (M5P3) as one such target 
[12]. M5P3 is associated, with metozoite surface mol- 
ecules> possibly through the coiied-cuil structures that 
have been predicted to be formed by the heptad repeats 
and the C-rerminai leucine zipper domain [13]. The 
N-termmal part of the molecule consists of regions that 
are polymorphic among different strains. In contrast, 
the C- terminal part of the molecule is highly conserved 
among the various isolates of the parasite [14, 15], and 
it is this region that was earlier identified by screening 
of a Plasmodium falciparum expression library by use 



The asexual blood-stage multiplication of the maL trial 
parasite is responsible for the acute symptoms of malaria 
in hnmana. Ep fetc nrioippad absenratioms have shown 
that adults living in endemic areas, although they ate 
constantly reinfected and msquenuy cany parasites, c on- 
trol their levels of parasitemia and show substantial clin- 
ical resistance, compared with children [l]. Repeated in- 
fections and continued exposure to the parasite are 
required to reach this level of immunity against 'rfcrpyr 
[2]. This state of naturally acquired irrnrnnrjty against 
disease, a phenomenon that is called premutation [3], 
is not a sterile immunity and is marked by chronic low- 1 
grade parasitemia without clinical symptoms. 

The passive transfer of serum IgG from cnmcaBy 
immune individuals has been shown to be able to con- 
trol disease and the level of parasitemia in nonprotect- 
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of functional ADCI assays [12]. Previous studies of MSP3 have 
focused only on a 27-aa region (aa L 84-210, corresponding to 
the 3D7 strain, MSP 3b) of the C-terminal part, which was 
earlier identified as a target of protective antibody response in 
hyperimmune serum samples [12]. 

We decided to further characterize the antigenicity of other 
legions in the C-tennmel part of the molecule. Six overlapping 
peptides were designed (MSP3a. MSP3o, MSP3c MSP3d.MSP3e, 
end MSP3f), each of which represented a different region of 
the conserved C- terminal part of the molecule. They were used 
to analyse the naturally occurring immune responses in indi- 
viduals from the malaria-endemic village of Dielmo, Senegal, 
and their potential relationship to protection from malaria dis- 
ease. The functional role of human ^ntihodieft specific to each 
region was assessed under in vitro conditions in the ADCI assay 
and was further confirmed by passive transfer in vivo in an 
immunodendent mouse model grafted with P. ftdriparutrt-m- 

-fected human RBCs [I6» 17], .... - t : , u . ^, aV , 

: This process led us to identify a 70-aa region of MSP3 as 

■ the target for naturally occurring protective antibody responses, 
This region thus defines the minimal domain essential for the 

T design of any vaccine construct based on MSP3- 

MATE RIALS AND METHODS 

Antigens. - MSP3 recombinant protein constructs and pep- 
tides were designed on the basis of the R falciparum 3D7 strain 
sequence (NCBI proteinjd. rlP_700818.1). Two recombinant 

' hexahiiudine- tagged proteins, MSP3-NTHisj WM and MSP3- 
CTHis^,^ were purified as described elsewhere [16]. The 6 
peptides (MSP3a 1€vm , MSP3b llPWllti MSPSc^^ MSP3dj 1MS3 , 

* MSPSe^Tvao,, and MSP3ti BOAt ) correspond to the conserved re- 
gion of MSP3 C- terminal region, A small region (aa 253-274; 
72% glutamic acid) was excluded from this analysis because 
glutamatc-rich antigenic determinants exhibit cross-reactivity 
among several different P. falciparum antigens (19]. The pep- 
rides were synthesized according to standard peptide synthesis 
procedures [20], 

Human serum <md lymphocyte samples. Por the affinity 
purification of antibodies specific to each MSP3 region, we used 
serum samples from 30 hyperimmune individuals from Ivory 
Coast that had been previously used for passive-transfer ex- 
periments in Thai patients with malaria and were found to be 
effective in controlling disease and parasitemia [6}. 

?or irnmunoepidemiological studies, we used plasma sam- 
ples from 48 permanent residents of the village of Dielmo, 
Senegal, who had various degrees of exposure to malaria (age, 
3 -5-53 .4 years; mean age, 13.1 ±1.8 years,' mean stay in the 
village* 707/730 days of follow-up). In this region, malaria 
transmission is intense and perennial (—200 infected mosquito 
bites/pexson/year); over the course of 2-year period, the mean 
number of malaria attacks was 2.4 ± 5.4 episodes/person. Nine- 



teen individuals had no malaria attack (mean age, 15.7 ±3.1 
years), whereas 29 individuals had at least L malaria attack 
(mean age* 11.4 ± 2*2 years) during the nest 2 years. All in- 
habitants of Dielmo were actively monitored by medical doctors 
on a daily basis for febrile episodes, and those due to malaria 
were accurately diagnosed as described elsewhere [21]. This 
allowed us to examine the partem of the IgG isorype response 
toward different regions of MSP3 in individuals who were 
dearly distinguishable as "protected'* (no rnalaria attack) or 
'^nonprotected'* (>1 rnalaria attack) during the 2-year follow* 
up period of the study. This group was representative of the 
whole village in terms of age distrmution, with respect to oc- 
currence or absence of malaria attack. 

Mononuclear cells obtained from inhabitants of Dirlmo were 

! transported within 4 h to laboratories in Dakar and used for 
T cell proliferation and the determination of interferon (IFN)- 
y against MSP3a, MSP3b, aha MSP3c peptides, according bo 

.methods described elsewhere 1 [22, 2?]. In bricfc the proliferative • 
responses nf the cells were assessed in quadruplicate in 9 6- well 
round-bottomed plates (Nundon; Nunc) by mcubaiioii for 6 
days at in 5% GO* in the presence of each peptide used' 
at \6 tig/mL> followed by the addition of 1 >G of [^H] thy- 
midine overnight and counting of the incorporated radioac- . 
uvity in a liquid simulation counter. Unstimulated cultures 
served « negative controls, and purified, protein derivative and 
phytohemagglurinin were used as positive controls- The IFN- 
7 concentration in pooled supernatants from quadruplicate 
wells was assessed by a capture EL15A performed in duplicate, 
by use of the anti-human IFN-y monoclonal antibody (MAb) 
350BHX56 and biouu-labclcd MAb 67F12A* (Biosource) for 
coating and revealing, respectively, according to the manufac- 
turer's instructions. The reaction was revealed by use of strep - 
tavidin-4iorscrachsh peroxidase and tetra-methyl benzidine 
ehrornogen, and the optical density was measured at 450 nzn. 
For practical reasons, mainly die number of cells available per 
donor, the other 3 peptides used for antibody assays could not 
be included in T cell assays. Lymphoproliferation studies were 
performed with samples from 61 inhabitants (29 female and 
32 male; mean age, 2731 years), and IFN^y secretion was stud- 
ied in 31 inhabitants (19 female and 12 male; mean age, 33.94 
years). The 3 peptides proved to induce no significant response 
in peripheral blood mononuclear cells from 16 control, non- 
malaria-exposed donors (data not shown), which indicated that 
they had no mitogenic or superanrigenk effect 

HJ5A. The RLISA. was performed for the detection of 
total IgG and subclasses, as described elsewhere [&, 9], Mono- 
clonal mouse anti-human *nhrkw< igGl-IgG4 (clones NL16 
IBoehringer], HP6002 [Sigma], 2g4 [Immunoeech], and RJ4 
[Immunotech]) were selected for their affinity and reactivity 
for African allotypes and were used as secondary antibodies at 
dilutions of 1:2000, 1:5000, 1:5000, and 1:1000, respectively. 
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The specific reactivity of each serum sample was obtained 
by subtracting the optical tensity value of a control protein 
(0.25 pg of bovine serum albumin/well) from that of the test 
antigens. For calculating the threshold of significance of anti- 
body responses, a set of 8 randomly selected serum samples 
from individuals never exposed to malaria was tested against 
each antigen, as controls. Results were expressed as the ratio 
of the mean optical density from test serum samples to the 
mean optical density of control subset + 3X the SD of the 
control serum samples. Serum samples were considered to be 
positive tor ratios »1. '"• 

Affinity purification of antibodies* Because the ADO as- 
say requires the cooperation of antibodies with the Fc-7 RII 
receptor [7], a group of 30 hyperimmune serum samples from 
individuals from Ivory Coast were first screened for IgG sub- 
class distribution egamst different MSP3 peptides and recom- 
binants. Serum samples were selected tor the affinity purifi- 
cation of anybodies against any given MSP3 construct on the 
basis of their high reactivity against that region, with minimal 
reactivity toward the adjacent peptides and a high content of 
eytophflk IgG antibodies (lgGl and IgGd). Independent serum 
pools [each of which was made up of 3-7 individual serum 
samples) were used to afnnity purity antibodies to different 
regions of MSP3.;The ratios of cytophilic to noncytoprulic IgG 
subclasses (lgGl + IgGS:IgG2 + IgG4) of the serum pools used 
were estimated to be 9-56 for MSP3NT, 4^5 for MSP5CT, 1.29 
for MSP3a, 3.86 for MSP3b, 1.29 for MSP3c «8 for MSP3d> 
139 for MSP3e» and 3>6& for MSP3f. Previous studies have 
shown that the profile of cytophffic antibodies observed in af- 
finity-purified antibodies was simitar to that o£ the serum sam- 
ple pool used for affinity purification (S. Singh, S. Soe, and 
unpublished data). 

Afnnity purification was done as described elsewhere [24], 
by use of a 23% aqueous suspension of polystyrene beads 
(mean diameter, 10 pm; Polysciences) to coat the peptides or 
recombinant proteins. Specific antibodies were cluted by use 
of 02 rnol glycirie/L (pH 23) and were immediately neutralized 
10 pH 7.0 by use of a 2 mol/L aqueous Tris solution. Afnnity- 
purified antibodies were dialyzed ejstenstvdy against PBS fol- 
lowed by RPMI and were concentrated by use of Centricon 
concentrators (MiHiporc)> filter sterilized, and after the ad- 
dition of 1% albumax (Gibco BRL), stored at 4°C Affinity- 
purified antibodies were used at a concentration of 10 jtg/mL 
in ELISA to ascertain their specificity. 

Immunofluorescence assay (IFA). Because the ability of 
the antibodies to recognize the native parasite protein is the 
critical factor in biological assays, IFA was used to adjust the 
concentration of affinity-purified antibodies. IFA was per- 
formed on air-dried* acetone-fixed, thin smears of P. falciparum 
mature schizonts, aa described elsewhere [25 J, to assess the 



binding activity of afrimty-purified antibodies to the parasite 
protein. The effective concentration of each antibody was ad- 
justed to a 1 :200 IFA end-point titer for use in functional assays. 
Functional m vitro antibody assay*. The antibody- 
dependent* mouocyte-mediated AOCI assays were performed, 
in duplicate by use of laborato ry-maintained strains 3D7 and 
Uganda Palo-Alto, as described elsewhere [7]. Monocytes from 
healthy* non-malaria-exposed donors were prepared as de- 
scribed elsewhere (7}. The arrmity-purified antibodies, adjusted 
to a concentration yielding a 1/200 IFA end-point titer, were 
added at a rate of 10 pL in 90 pL of complete culture medium, 
which yielded a final titer of 1/20 in the ADO assay. After 
cultivation for 96 h, the level of jiaraiitemia was determined" 
on Giemsa-stained thin smears from each well by the micro-:, 
scopic examination of >5QJQQQ erythrocytes. Monocyte-dc- 
pendent parasite uhibihon is expressed as the specific growth 
inhibition index (SGI): SGi = 1 — ([percentage of parasitemia 
with monocytes and test Ig&percentage of parasitemia with 
test IgG)/(pOTmtagr,Df parasitemia with monocytes and nor- 
mal IgG/percentage of * parasitemia with normal IgG]) X 100. 
Although the SGI calculation takes into account a possible 
direct antiparasite effect of monocytes, because this is observed 
with .10%- 1 5% of monocyte preparations, we excluded them 
as an additional precaution. 

■ Passive wnn unization of R faltipattnti~infected itnmutto- 
compromis ed mice^ The use of the P. /uZcfparwrn-hurnan KBC 
(HuRBC Mteige-Xid-Nude (BXN) mouse model tor assessing 
the effect of antibodies on different blood -stage andgens of P. 
falciparum has been detailed elsewhere {16]- In brief, 6-8- week- 
old male BXN mice (Charles River Laboratories), manipulat- 
ed under pathogen-free conditions, were treated with liposomes ( 
that contained dichlorornethyJenediphosphonaifi (Roche Diag- 
nostics) and anupolymorphonudear neutrophil MAb NIMP-RH 
(NIMR), to reduce their innate immune response. P. falciparum- 
infected human RBCs were injected intraperrtoneally (ip ) on day 
0» and uninfected RBCs were injected at 4-day intervals. The level 
of blood parasitemia was examined microscopically Mke with 
stable parasitemia (0.1%-1%) were injected ip with 3 X 10* hu- 
man peripheral blood monocytes positively selected by CD 14"" 
magnetic beads (MACS; Miltenyi Biotech), followed 24 h later 
by the injection of 3 X 10 6 monocytes together with 200 uL of 
afimity-purined antibodies to MSP3 at a 1:200 IFA end-point 
titer, as described above. Nonspecific esterase staining [7} showed 
that >98% of CDI4* cells were rnonocytes. 

Statistical analysis. Univariate analysis wa3 perfbrmed by 
use of the Mann- Whitney U test* Fishers exact test was used 
for the contingency analysis. The association between the risk 
of malaria attack and the level of antibodies was tested with 
JMP software (SAS Institute), by use of a stepwise regression 
model in which we controlled for the confounding effect of 
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Rf ure 1, . Schematic presentation of Plasmodium falciparum mecozoite surface protein 3 {MSP3} and the. design of MSP3 recombinant proteins 
|MSP3-NTHis and MSP3-CTHis) aid peptides |MSP3a, MSP30, MSP3c, MSP36. MSP3a, and MSPSt). The lepjeseTrtBtion of the N^termiral part of 
MSP3 ia compressed here /ttttfeo* tfneJL D8210 represents the Xgfll expression dons origmally {terrified as the target of protect ivo antibodies [81. 
The ncra/show amlno-add positions for each region on the basis at the sequence derived tram 3D7 strath. • 



a^. The analysis of variance was applied to the legresswn mod- 
el. The test of the mail hypothesis was based on the variance 
ratio denoted by F, and departures from the null hypothesis 
tended to give values of F that were greater than unity. 

RESULTS 

Non-cross-nsactive B ceil epitopes defined by eodt of the 6MSP3 
C-termhud peptides. IgG responses were measured against 



different iqpras of the M5F3 C terminal (figure I) in a group 
of 30 hyperinrrrrime serum samples from, mcnViduals £com Ivory 
Coast. As shown in figure 2, there were differences in the levels 
and prevalence of IgG toward each region* but antibody responses 
were detected against each of the CHsennnwl pepttdes. 

Andbodies were then affinity purified from selected hyper- 
immune serum samples specific to each peptide and examined 
for their rraebvity ngpfrnst, me other peptides. In this way, it 




M$P3a MSP3fo MSP3c MSP3d MSP3e MSP3f 



l^prevetentel 30 | S3.33 [ SO | 63.33 | 33.33 [ 76-66 



Figure 2. Total lgS response against different regions of marozoita surface protein 3 IMSP3) in hyperimmune serum samples [n — 30) from 
individuals from tvory Coast, used to prepare protective IgG for passive-transfer experiments in humans [ft Antibody reactivity was considered to be 
positive if the ratio of the mean optical density of the test serum samples id the mean optical density of control serum samples + 3 x the So of 
the control serum sample was s»1. The figure represents the mean antibody titer (expressed as ratio] of postttve serum samples against each region. 
The table shows the percentage prevalence of positive serum samples reactive to different regions of MSP3, in terms of total JgG. 
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Table t Specffldty of elfinlty-puriiietf human anti-flwrazofe 
surface protein 3 (MSP3) antibodies, as detnrmlntd by HJSA. 



Antibody 


MSP3* 


MSP3D 


MSP3C 


MSP3d 


MSP3e 


MSP3f 


Ant»4vlSP3a 


<U8 


0.09 


0.08 


0.08 


0.09 


o.oe 


AntKMSPab 


0.05 


1.11 


0.09 


0.08 


0,09 


0.07 


Antl-MSP3c 


0.07 


cuo 


T.04 


0,09 


0X9 


0-08 


Antl-MSPSd 


0.10 


0.08 


0.16 


1.01 


008 


0.09 


AnthMSPSe 


0.08 


0,08 


0.08 


0.0B 


OM 


0.10 


AnfhMSP3f 


0,07 


0.07 


o.oa 


0.08 


0.1 D 


0.92 



NOTE. Mean optical density velum at 490 nm from duplrcmo weUa are 
shown. All 1h« p*ptid*3 *vr» g $«qj uftoV idanifeal oarmg conditions. Bold 

Type rBprB38nt9 positive reBTTtrvrry, 



was possible to affinity purify antibodies tbat wit specific to 
each peptide but did not show cross-reactivity with other 
regions (tabic 1). These observations indicated that each of die 
] pcj?o<ies covering the MSP3 C tenninal defines ax feast lBcdl 
epitope that does not share antigenic determinants with other 



regions. Each of the afimhy-purified antibodies also found 
to be positive in IFAs of R falciparum asexual blood stages* 
which indicates that antipeptide antibodies were reactive with 
the native parasite protein (dam not shown). 

Distinct isotype patterns of the IgG response toward dif- 
ferent M&P3 p eptides . We analyzed plasma from 48 indi- 
viduals, 3-53 years old* from the endemic village of Dieirao. 
Senegal, go study the distribution and pattern of IgG isotype 
response a^insr the different regions of the C-terminal part of 
MSP* defined Vy die peptides. As shown in figure 3, both the 
level of antibody response and the pattern of IgG isotype were 
distinct against each region. The prevalence of responders var- 
ied for each region of MSP3 (6\25%^-6D\41% for IgQl, 4.1696- 
47^19^ for IgG* QK-IO.41% for IgG2, and 09^-123% for 
JgC4). We found that antibodies to MSP3a and MSP3e.were 
less prevalent, and» when they were present they were detected 
only at low levels. Antibodies to M5F3b, MSP3c, MSP3n, and 




MSP3a MSP3b MS?3c MSP3d MSP3e MSP3f 



§ 


IflGl 


6.25 


14.58 


22.91 


29.16 


8.33 


60.41 


mi 


»«G3 


4.16 




47.91 


35.41 


8.33 


6<25 




lcjG2 


0 


0 


8.33 


10.41 


4.16 


2.06 




10G4 


6.25 


0 


10,41 


12.5 


0 


e.33 



Figure a. Ptb valence and mean utar of antibodias against different regions at merozoita surface protein 3 (MSP3) in serum samples in = 48) from 
Dialmo. Senegal. Antibody reactivity was considered to be positive if the ratio of the maan optical density of test serum samples to the mean optical 
density of control serum samples + 3 x the SD of the control serum samples was a*l. The figure represents antibody titers (expressed as a ratio) 
ot the positive serum samples against each region. The table shows me percentage prevalence of posttte serum samples reactive to different regions 
of MSP3, in terms of IgG isorype. 
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MSP3f were the most prevalent and were predominantly of 
cytophilic subclasses. Among die cymphflic isotypes, IgG3 reac- 
tivity was found to be predominant against M$P3b, MSP3c, 
and MSP3cL By contrast, IgGl reactivity against MSP3f was 
stronger and more prevalent than that against IgG3. This sug- 
gests rhat the antibody response elicited to any region of M5P3 
was not dependent on a response to other regions. 

It had been observed earlier mat the cytophilic IgG response 
plays an important role in protection against malaria I8-UJ. 
. VVe further addressed the relationship between clinical protec- 
tion that had been monitored on a daily basis and the pattern 
of iso type responses observed against each peptide. In the pres- 
ent stndy, protection was defined as the absence of any clinical 
malaria attack during the 2 years after plasma samples were ob- 
tained. Higher IgG3 titers against M5P3b, MSP3c, and M$P3d 
were observed among protected, compared with nonprotect- 
ed, subjects. An association between the levels of anti- 
bodies directed to MSP3b and MSJ>3d and protection from oc- 
currence of malaria attack (P =: .037 and .057, respectively) was 
.observed. In the case of MSP3c, mis association did not reach 
statistical significance; however, levels of annVMSP3c lgG3 an- 
tibodies were twice as high in individuals who did not develop 
malaria, compared with those who did. The association between 
levels of IgGl and protection against materia attack was ob- 
served to be significant for MSP3d (P = .025), and & similar 
trend was observed for MSP3b (P = 328), but not for MSP3c 
Neither IgGl nor IgG3 responses to MSP3f were found to be 
associated with protection. IgG2 and IgG4 antibody responses 
against dinerent regions of MSP3 were detected only at low 
levels and were not found to be associated with protection. 

In a further step* a multivariate stepwise regression anal- 
ysis was performed to control for age, by use of dichotomous 
variables of both antibody response (respondent or nonre- 
s ponders) and occurrence of malaria attack (protected or non- 
protected). A significant association of protection with IgG3 
antipeptide responses was observed against 3 of 6 peptides— 
MSP3b CF= 498, P = .025), M$P3c (F = 3.02,P = .082).and 
M$P3d CF = 6.57, P ^ .01)— but not against the other 3. 

Inhibition of parasite growth by naturally occurring anti- 
bodies against MSPSb, MSPSt, and MSPSd m functional in 
vitro ADCT assays. To assess the function of naturally occur- 
ring human antibodies to different regions of MSP3 in ADQ 
assays, each affinity-purified antibody was adjusted to a concen- 
tration thai yielded the same reactivity to the native parasite 
protein. Results (figure 4} showed that the level of parasite in- 
hibition elicited by antibodies against the recombinant proteins 
MSP3NT and MSP3CT were comparable to that observed for 
me pool of African IgG (PIAOX which was used elsewhere for 
a passive- transfer experiment in humans [6]. 

AnnV-MSP3b, -MSP3c, and -MSP3d aflBnity-purified anti- 
bodies were found to exert* strong mOnocyteciecUated antipara^ 



sme activity in ADO that was comparable to that of antibodies 
ugainst MSP3CT and PlAG, whereas anti-MSP3a and -MSP3f 
antibodies were not found to have parasite inhibitory activity 
f figure 4). Anti-MSP3e antibodies showed only marginal anti- 
parasite activity that was slightly higher than the threshold level 
of significance. Results were reproducible among 4 independent 
AD CI assays. At the concentrations used, none of die above- 
mentioned antibodies showed the direct inhibition of parasite 
growth. ■ '* - ■ « 

Strong reduction of R falciparum porantcmia by <mrf- 
MSP3b and antL-M$P3d antibodies in a humanized mouse 
model The observation from the in vitro ADO assays that 
anti-MSP3b, -MSP3c, and -MSP3d antibodies were strongly 
effective at inhabiting parasite growth was further assessed in vi- 
vo by use of the & M^«rwm-HuRBC-BXN mouse modeL The 
valuer of tins' hew mouse, model for studying the in vivo effect 
of human antibodies and antimalarial drugs on the blood-stage 
growth of J? fiilapenmi has been recently documented [16. 17]; 
We chose to study antfcodies to MSP3d and MSP3£ which were 
positive and negative in ADO. respectively, compared with anti- 
MSP3b antibodies, which we used as positive controls, whose * 
antiparasitic effect has already been demonstrated [16], ' 

As seen in figure 5> the level of parasitemia increased and 
reached a plateau over the next 3 weeks. The injection of an- 
ti-MSP3f antibodies with human monocytes did not affect par- 
asite growth, in agreement with the results of the in vitro ADCl 
assays. In the other 2 mice, the injection of human monocytes 
alone on day 22 did not affect parasite growth, in keeping with 
earner observations (16J. The injection of arunity-purified an- 
ti^MSP3b or -MSP3d human antibodies on day 23 resulted in 
a sharp decrease in parasitemia. The passive transfer of ants- 
MSP3b antibodies resulted in the clearance of parasites. The 
passive transfer of ariti-MSP3d antibodies resulted in a de- 
crease of parasitemia >95% (figure 5). Thus, results from the 
ur vivo passive transfer in this mouse model confirmed in vitro 
results and further validated the functional antiparasitic activ- 
ity of naturally occurring antibodies against the 70-aa region 
coveted by peptides MSP3b and MSP3<L 

T ceU responses against MSP3 peptides in malaria-exposed 
individuals* T rymphoeyte responses could be studied against 
only 3 (M5P3a, MSP3b, and MSP3c) of 6 C-terrninal peptides 
in inhabitants from Dielmcs Senegal* because of practical lim- 
itations in field. The proliferative response* which was deter- 
mined by use of peripheral blood lymphocytes from 61 indi- 
viduals (age range, 1-84 years; mean age* 27.34 years) showed 
mat the prevalence of T helper cell respondent was 16-4W 
against MSP3a, 28% against MSP3b, and 2L3% against M$P3c 
respectively. IFN-y secretion, which was monitored in 31 of 
these individuals, showed that the prevalence of IFN-f re- 
sponded was 42% against MSP3a, 55% against MSP3b, and 
o"i.3% against MSP3c These results indicate that each of the 
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.3 MSP3 peptides tested defines at least 1 T cell epitope. In 
addition, IPN-y secretion results suggested that ax least some 
t of the responding cells belonged to the Thl-like type. 

DISCUSSION 

la the search for candidates for a malaria vaccine, we focused 
our studies on antigens targeted by the roost potent immu- 
nity — that acquired over the years by individuals living in by- 
perendemic areas. >We have described that this premunidon is 
mediated by IgO that is active through an indirect mechanism, 
which implicates monocytes. We then used ADO to identify 



V MSP3 as a target of protective IgG (12J. The present study was 
aimed at characterizing antigens within the conserved C terV 

.rbinus of MSP3 and evaluating me function and biological 
effects of the corresponding antibodies. 
;; Indeed, the C-terminal half of the molecule, starting from 
the third hepiad repeat, is highly conserved in the different 
isolates tested so far [U; 15], whereas the N-terniiiial half of 

' MSP3 shows an oVerall dimorphism C3D7»Kke and Kl-Hke) 
[14; 15]. Tljereforc, W- decided to focus on the C-terminal 
region, because" part of it (DG210; figure 1) was identified to 
be a target of protectrre human antibodies in our initial studv 
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LbktZ^^^ m ^ * 8 of P^srtemia as determined by microscopic axaminS 

Sr^r - ^' n ^Sl^ antH ^ P3bamtoofe (to+**m***miUwa^ {black an**). Q r M ant^SP3f mtibodras 
T ^bo^penoefrt cellular inrabrtion esse/ frftfe aretes). Arm*, days at wMCh infections ware node fcst aftam^ 

monocytes (MNs] and then follow* by monocytes together with antHUSra antibodies (200 M L; \nZSSS^ tiTlS 
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(12) and because antigen conservation is B critical criterion for 
the successful development of a malaria vaccine. 

Using 6 overlapping synthetic peptides covering the am. 
served C-wnninal half of MSP3, we have shown that antibody 
patterns to each region differ markedly in terms of prevalence, 
titer, isotype distribution, association with conical protection,' 
and annparasidc activity in ritro and in vivo. Antibody liters 
against MSP3, and MSP3e were lower than those of me re- 
minting 4 peptides. Rehouses to MSPSb, MSP3c, MSP3d, and 
MSP3f were mosdy of cytophilic IgG subdMses-^redonri- 
n»ndy of IgGl isotype against MSP3f and IgG3 isotype against 
' the others. A similar dUfcroiee hi subclass response to distinct 
j regions of a angle protein basbeea seponed far MSP1 [26J. 
The* observations suggest that IgG das switdring involved 
durmg the rnaruration of the antibody response roweid dif- 
fetent regions of the MSP3 C terminal is regulated indepen- 
dently. The factors that regulate the maturation of antibodies 
are not well understood but would be influenced by.ihe nature 
ofthe antigen in exjunction with oontact^dependent signals 
from T eelfe, particularly die cytokines tfaey secrete (27]. Recent 
observations, however, have suggested that the nature of the 
malaria antigen might be the major feoor that determines an- 
tibody subclass (28), winch seems to be the case in our study 
The availability of very detailed dinical information, which 
m a ma,or characteristic of the setup b, the village of Diehno, 
Senega], led us to address subclass patterns m relation to pro- 
tecntm against the occurrence of malaria! Taking into account 
the cnafoundmg effect of age. we observed tint IgG3 responses 
to MSP3b, MSP3c and MSP3d were signifknndy associated 
with protection. These results ate in agreement With those of 
independent studies that involved large, sample sizes [29] (C 
Oeunty. C.R., J J. Ptngnon C Muller^3ta£ A. Tall C Rogier 
J-F. Trsp e , and P.D., unpublished data), which have shown m 
assooation between the lgG3 response agrinat MSP3b and pro- 
tection from malaria. For other tnerozoite surface vaccine can- 
didates, a skewing toward the IgC3 antibody response has been 
reported for MSP2 in various ethnic groups and under different 
conditions of malaria transmission [30, 3lJ; this could be cor- 
related with conical immunity to malaria [32]. Similariy, the 
antibody response to the polymorphic block 2 region of MSP 1, 
which has been identified as a target of immunity to conical 
mala™, is also skewed toward the lgG3 subclass [33]. However, 
at least m the latter case, the mechanism of action of these 
antibodies remains elusive, because it is generally assumed that 
biologically active anti-MSPl antibodies are directed to the C- 
terminal pan of the antigen [34], 

In contrast, in the present study, the «» of functional in 
vitro ADCI assays provided information about the antiparasitic 
biological activity of antibody toward various regions. Because 
they were performed under conditions that allowed compari- 
sons, they demonstrated cxitiod differences in antibodies that 



taiget different regions of MSP3. ft is of interest that very dif- 
ftteut approaches led to similar cmKfaisian^-totffc the in vitro 

AlX3asmyspohi«edtothehnpemaiioeofejB^thesamepep. 
tides (MSP3b, MSP3C, and MSP3d) as those indicated by the 
•muninoe^detiuoiogical studies. The reasons for tins lack of ef- 
&ct of antibodies to MSP3a and MSP3f remains to be investi- 
gated, fa the case of MSP3f, it is possible that antibodies might 
not access this epitope On the meroaoite surfece, because the 
lencme^ripper domain forms coiled-eoa interactions with other 
molecules [13, 14]. 

The reliability of in vitro findings could also be confirmed 
under in vivo conditions [16]. On passive transfer in P. faSa- 
pomm-mftaed mice grafted with human monocytes and with 
long-lasting stable parasitemia, <mti-h4SP3b and -M£P3d an- 
tibodies were found to be effective fa, rodudi^theRyirfaMmm 
parasite load. 2 . , 

The vaccine potential of MSP3 was tecend> ronurmea l>ythe 
protection ehated against P. falciparum challenge m Aatm turn- 
eymai monkeys immunized with full-length MSP3 in FreundY 
adjuvant [35]. Bus observation h in agreement with our epi- 
Amnologicd amlbiobgkdnnd^ the present study 

has provided additional information derived from the analysis 
of human immune responses fo r d*. design of future vaccine 
constructs. Indeed, the ^terminal of MSP3, although able to 
induce antibody with functional activity m ADO, is of debat- 
able value, because of its ptnynmrphism, Purthennore, itsmdn- 
sion could divert the immune response away fawn the important 
conserved region. Within me C terminal part, thet^gionMSPae- 
f was also found to be less valuable, because of the towprevalenr* 
and tow levels of antibody response to MSP3e and anti-MSPSf 
antibodies devoid of biological effect. Bach of the 3 peptides 
(MSP3a, MSP3b, and MSP3c) investigated proved to define a 
aon-cross-reactive T cell epitope for populations in endemic 
areas. Recent vacdne trials performed using the construct defined 
m the present study confirmed this finding and designated the 
peptide MSP3d as an additional T ceU-epitopic region (R. Au- 
dran. M. Cadiat, E Lurati, S. Soe, o. Leroy, G.C, PX>, and P. 
Spertmi, unpublished data). 

In summary, the results of nmsnmoepidemiologkal studies 
and functional assays led us to define a 70-aa region of the MSP3 
mofcjcule. we found that antibodies with antiparasitic effect de- 
velop against this region, which covers MSP3b-MSP3d, in bu- 
mans who have been naturally exposed to malaria. This mfor- 
iriafi^isofp^calv^to^^^^^^^^^^ 

design of iubunit vaccine constructs derived from MSP3. 
Aeknowtadgnronta 

Jt^J^T^"^ -^^a; the fie* 

tUOwho obttmed the hU»d aunpte (for bW ami ^lym- 

phocyte ««y.); the medtel staff; who ae** the ril£L 



FoaetionofAadbodiuto RfiHrmmum • TO 2004190 (1 S^b.,) . I0 , 7 



>004 
0:23 
0/21. 



/ 



daring the survey period; A. 1^11 and A- Riditoe, Cor their helpful o 
sad Jewi-Louis Perigoon, for critical reading and helpful COO) at 



Reference* 

1. Bawd JKv Jones TR, Danudirgo £W, et aL A^dtpendent acquired pre. 
ttction against PinmctrfiVni jWciparum in people having rwo ytars cr- 
poiurc id faypcrendemic malaria. Am J Trop Med Hyg 1991; 45*5-76. 

2. McGregor IA, Wilson RJM. Specific momunuy t acquired In man In: 
Werusdorfer WH. McGregor IA, eds. Malaria: prindplea and practice 
of malariology. London: Churchill Lnringvtonc. 19895S9-619. 

■ 3 . Ser gent E, Pants 1 L- L'immnnite, la pr (munition ei la resistance umec 
Area Inst Paaienr Alger 1935; 23:279-J 19. 
4, Cohen S, McGregor IA, Carringma Ss Gamma globulin and acquired 
Immunity to human malaria. Nature i9ei; 192; 733-7. 
1 Bdoxjcu JQ GOles HM, Udeoao 10- Adult and cord-blood gamma 
globulin and imrnnnity to malaria in Nigerians: Lancet 1962; 2:951*5. 
6' Sahchareon A", Buroouf T p Ouartura D, et aL Parasitologic and dinkal '"- 
human response to immunoglobulin xdarixuxtmnnn in falciparum ma- 
laria. Am J Trop Med Hyg 1991;45a97-308. 
-. -7. fionharnun-Tayoun Hi Attanath P. Chor^r^hajaiiiddhi T, Druilhc P. 
Antibodies which protect man against \P. falciparum blood Stages do 
, not oa th ^ jr grwn tahibk paraoim growth and bnooa in vitro but act 
in cooperatloa with mwweytcs. J Bxp Med 1990; 172:1633-41. 

8. Bo uharuuii-Tttyonn H. Dru flnc P. Evidence fin* an isotype imbalance^ 
which may be responsible for the delayed acquisition of protective 
immunity , Infect Imuran 199% 60! 1473-81. _ . 

9. Bouharoun-Tkyoun H, DruiJhc P. Antibodies in fiddperum malari a: 
what matteri moat, quantity "or Guality* Mem Inst Oswald o Cruz 1992; 
87:229^34, 

10. Oenvny C, Theiscn M, Bogier Q Trapc fF, Jepeen S, Druilhe P. Cy- 
tophilie immunoglobulin responses to Plasmodium faUip ar wm ghlta- 
uaatc-rich protcua arc correlated with protection against clinical f**i*r i* 
in Dielmo, ScncgaL Infect Immua 2Q00;6a:261 7-20. 

11. Groux M> Gyain ). Opsonization as an effector mechanism in human 
protection against asexual blood stages, of VhzsnuxHvm fidaporum: func- 
tional role of IgG subclasses. Res Immunol 1990; 141:529-^2. 

12. Oeuvray C* Bouharou^.Tir/oun H, Graa- Masse H, et al Meroaoite 
surface prvtria-3; a malaria protein inducing anujbodies that promote 
Plasmodium, falciparum killing by co-operation with blood monocyte*. 
Hlocd I994ja*lS94-602. 

13. Mill* KE, Pearcc JA, Crabb BS r Cowman AF. Irunmtion of rnemmbe 
surface protein— 3 disrupts its trafficking and that of addic-basic repeat 
protein to the suxfice of P. falciparum merozoite*. Mol Microbiol2002; 
43:1401-11. 

14. MeCoil Vh Anders RF. Conservation of structural moti&and antigenic 
diversity in the Plasmodium fiddpurvm raenwoite surface protein-^ 
(MSP-3). MoJ Biodbem Parasitol 1997? 90:21-31. 

15. Huber W, Fdger L. Matile H. Upps HJ, Steigcr S, Beck H. limited 
sequence poiycaoroKwn in the Plasmodium fUdoarum merozoite sur- 
face protein 3. Mol Block em Paraxon] 1 997; 87; 13 1-4. 

16. Bad ell Oeuvray C, Moreno A» et aL Human malaria in immuno- 
compromised mice an in vivo model to study defense mechanism* 
against Plasmodium falciparum. ) Bap Med 2*100; 192? 1653-60. 

17. Moreno A, Baddl E. van Rootym N, Druilhe P. Human malaria in im- 
nnuraomprvmised mice new m vivo model for chemotherapy srudics, 
Aritimicrob Agents Chemother 2001; 45;1 847-^53. 

18- Theisen M, Vuust Gotochau A, ]espen Sy Hogh ». Antigenicity and 
Imnunogenkity of recombinant glutamate-rich protein of Plasmodium 
falciparum expressed In Escherichia coU. Can Diagn Lab Immunol 1995; 
2:30-4. 



21, 



19. Mariei D» Bmim K. Wahlgren M, et al, Cross-reactive antigenic de- 
terminants present on different Plasmodium falciparum blood-atage 
antigen*, parwite Immunol 1989-41:15-29. 

20. Roggero MA> ServU C Corfadm G. A simple and rapid procedure for 
the purification of synthetic polypeptides by a combination of affinity 
chroojatography and mrtriiMiinr chemistry. FEBS Lett 1997; 408 ^83-ft. 
Trape fl\ Rogwr C, Konahr L, et aL The Diehrto project: a longitudinal 
study of natural malaria infection and (he mechanisms of protective 
immunity in a community Irving in a holocndemh: area of Senegal. 
Am ) trop Med Myg 1994;31:123-37. 

22, Behr C, Sarthou JL, Rngier Cy et aL Antibodies and reactive T cells 
against the malaria heaWhoefc protein Ff72/Hsp70-1 and derived pep- 
tidei in individuals co^bnuously exposed to Plasmodium falciparum. 1 
I Immunol 1992;149:3321-30. , 

23. Botriua B, BenMohamed U Brahiml K» et aL A hovel P1*anodlum : 
falciparum rpbrosolte and ltrcr stage (SALSA) deAnes major 
Br T helper, and CTL cpitppea. J Immunol 199^15&2S74V-94L 

24- Brahuni K, Pcxignon JL, Boasus M, Gnu H. Tartar A* Drourie P. FasV , 
immunoporincaCion of email amounts of specific 
tides bound to EliSA plsfea. 1 InamuacJ Methods 1993; 162:69-75- 

25. DruiDae % Khusmith a. Bpidero logical correlation between levels of: 
andbodies promoting meronolte phagocytosis of Pfamodhtm fidclpa- . 
rum and malaiia : irnmune sUrna. .Infect Immtin 19B7; 53:888^ 1.' T • I 

26. Caranagh ESL Dobano C Whassan \ er aL Pu^reaoal patterns of 
G stmclass responses n? distinct regions of a 



single protein, the mesonm? surface protein 1 of Piasm odmm fuldpa- 
rum. Infeet Immua 20qi;fi9a2O7-l X. , , - 

27. Seavnefcer J. Antibody cLu* switching. Adv Immunol 1996;61:79-1 «- 

.18. Garrand O, Perzant R, Diouf - A, et aL Regulatian of antigea-spteinc 
immunogktbufin G subclasses In response to conserved and polymorphic 
PtesmcdiumfakipoTum aotigemmanmvftromc^eLIniecilmmun2002; 
70^620-7. '..v./'" ■ •> 

29. Soe S, Thexsen M, Roitealhon C T Aye Ki, t>roilhe P. Association be- 
tween protection against eilnJeal malaria and aniboflic* to merozoite 

■ • surface antigens in an area of hypermdemkity in Myanmac complo- 
mentariry between responses m meroknite snriEace protein 3 and the 
220-kDodalton ghitamace-rieh pioieia. Iniect Immua Z004; 72:247-52. 

JO. Xnylor Smith PS, Robinson VI; McBride JS, Sifcy EM. Human 
antibody response to Plasmodium fiddporum mcroroire surfiu^ protein 
2 is scrogroup specinc and predom inandy of die immnnoglobaiui G3 
subdasB. Infect Icamun 1995; 63;4362-S. 

3 1. Rzepezyh CM, Hale K . Woodro nV K. et aL Humoral immune responses 
of Solomon Islanders to ihe meroanite sur&ce antigen 2 of Plasmodium 
falciparum show pronounced skewing towards antibodies of the im- 
munoglobulin G3 subeiass. Infect Immuq 1997;65:1098-100. 

32. Taylor RR. Allen SL Green wood BM, Riley EM, IgG3 antibodies to 
Puumodhtm ^Uc^xxrim»rnerozoitewr^ace protein 2 (MSP2): increasing 
prevalence with age and association with gJinieaf immunity to malsria. 
Am J Trop Med Hyg 1998; S&406-13. 

;i3, Policy SD, Tctccb KK, Cavanagh DR, et aL Repeal sequences in block 2 
of Plasmodium foldparum mciotoitc sur&cc protein 1 are targets of 
antibodies associated with protection torn malaria. Infect Immun 2003; 
71:1933-42, 

34. Bgan AF, Burghaus P. Druilhe P, Holder AA» Riley KM. Human an- 
tibodies to the 191tDa C- terminal fragment of Plasmodium falciparum 
meroxolte suttaee protein 1 inhibit parasite growth In vitro. Parasite 
Cmmunol 199*21:133-9. 

33. Hisaeda H, Saul A, Recce JJ, et aL Merozoite surface proteln-3 and 
protection against malaria in Aotus nancy mat monkeys. J Infect Bis 
2002; 135:657-64, 



«:.JLV;- - 



1010 - FID 2004:190 (1 September) » Singh et aL 



ANNEX III 



Parasite Immunology, 2004, 26, 265-272 

Natural antibody response to Plasmodium falciparum Exp-1 , MSP-3 
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SUMMARY , .... lU 

X longitudinal study was undertaken in Burkina Faso among 
2$3 children aged 6 months to Q years in order to determine the 
correlation between an antibody response to several individual 
malarial antigens and malarial infection. It was found that the 
presence of a positive antibody response at the beginning of 
tl\e rainy season to three long synthetic -peptides corresponding 
to Plasmodium falciparum £xp-J JQi^l$& MSP-3 154 T 249 
and GLURP 802-920 but not to CSP 274-375 correlated 
with a statistically significant decrease in malarial Infection 
dwing the ongoing transmission season. The simultaneous 
presence of an antibody response to more than one antigen is 
indicative of a lower frequency of malarial infection. This 
gives scienttfic credibility to the notion that a successful 
malaria vaccine should contain multiple antigens. 



Keywords antibody, longitudinal study, malaria, 
medium falciparum, synthetic peptide, vaccine 



Plas- 



Abbreviations'. Ab, antibody; BSA. bovine serum albumin; 
CSP, circurnsporozoite protein; GLURP, glutamato-rich 
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INTRODUCTION 

The asexual blood stages of the Plasmodium falciparum 
parasite ate responsible tor the dmical symptoms of malarial 
infections, and people living in areas of high R falciparum 
endemictty arc exposed to repeated malarial infections 
and gradually develop cOnical protection against the disease 
over a period of several years (1); This acquired hnm unity 
id strong, although incomplete and; is non-stermzing (2,3). 
These observations support the feasibility of a malaria 
vaccine.' Passive transfer experiments, in which iramuno- 
globulin O (IgG) was transferred from clinically immune 
individual* to infected patients, have shows that antibodies 
are an important component of acquired immunity to 
asexual blood stages of P. falciparum (4,5). Identification 
of the malarial antigenic targets of potentially protective 
antibody responses Sallowing natural infection could help 
with the understanding of the host-parasite relationship 
and provide information, for the selection of candidate 
antigens for malaria vaccines. 

Several P. falciparum asexual blood stage antigens have 
been examined in ssroepidemiologica) surveys conducted in 
malaria-endemic areas and were recognized by the immune 
responses of individuals exposed to natural infection. These 
antigens include merozoite surface protein- 1 (MSP-1) 
(6,7), M&P-4 (8), jfing-mXecKd erythrocyte surface andgen 
(RES A) (9), rhoptry-assodatBd proteins- 1 (RAP- 1) (10), erythro- 
cyte bmdmg anOgen-175 (ERA- 175) (II), R falciparum erythro- 
cyte membrane protein- 1 (-P/EMP-1) (12-14). glutamste-rich 
protein (GLURP) (15,16) and merozoite surface protein-3 
(MSP-3). In eome cases, positive associations were observed 
between the antibody responses and clinical protection 
against malarial infection, indicating a protective role for 
antibodies to these antigens (6,13-17). 

Plasmodium falciparum exported protein- 1 (rVExp-1) is 
a vesicular protein, which is believed to play a rote in the 
trafficking of parasite proteins (18). P/Bxp-1 is a highly 
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conserved protein, suggesting that it either has an important 
function in the parasite (1 6,19) or that ii is not under immune 
pressure. P/Exp-1 is expressed as a 23 kDa protein in the 
pre -erythrocytic (20) and asexual blood stage* (21) of the 
parasite. This integral membrane protein is found in the mem- 
brane of the parasitophorous vacuole and in vesicles within 
the host eel) cytoplasm (22-24). Studies with the murine 
homologue of PfExjhX indicate that this protein is capable 
of inducing a protective T-cell immunity in mice against 
lethal challenge with P. yoela (25) and monoclonal antibodies 
to * yoklil Exp-1 can rahibttion parasite growth (26\ Anti- 
JYExp-1 antibodies have been detected In people Jiving 
in different regions where malaria is endemic (27). It has 
further been shown that most of the detectable human 
antibodies are targeted at the C-terminal sequence 101-162 
of jyE*p-l (27), In a preliminary cross-sectional study, 150 
serum samples of Burkinabe children, aged between 0*5 
and 6 -years, were tested by EL ISA with different synthetic 
peptides, namely: the C- terminal segment of circutnsporo- 
A zoite pjotein (CSPX the central repeat NANP of CSP and 
.,iyE*o-l 73-162. A statistically significant difference in the 
.antibody response between asymptomatic and mild or 
severe malaria .cases was found only with tha long synthetic 
r^yr>eptideX^ 73-162 (28). To confirm and 

extend these results, a longitudinal study was designed to 
determine the association of .specific antibody responses 
and malaria episodes In a population of children living in 
Burkina Faso, where malaria is highly endemic and seasonal. 
Other antigens, already ..associated with protection, were 
included in the study to provide further validity of the 
results obtained. It was found thai the prehminary results 
linking the antibody response against Bap-l to protection 
were confirmed and that the response to more than one 
antigen at the beginning of the transmission season was 
predictive of a greater resistance to malaria. 

MATERIALS AND METHODS 
Study area 

The study was conducted in Balongueu, a viUage located on 
the Mossi Plateau in Burkina Faso. It is predominantly a 
subsistence farming community with a population of about 
1355. The climate is characteristic of areas of Sudanese 
savannah, with one rainy season from June to October and 
a dry season from November to May. Malaria tr ansmissi on 
is seasonal, but is highest during or immediately after the 
rainy season (mgJh-rjansmission season) and lowest during 
the dry season (low-transmission season). Entomological 
studies performed during the month of September 2001, 
at the peak of transmission, measured 129 infective bites 
per person per month (EfR) for the area near the village of 



Balouguen (U$a Nehie personal coin mi miration). For the 
month of March, the measured EIR for the area was near 
zero (Issa Nebie. personal communication). 

Study population and dtotaa surveillance 

The study population consisted of 326 children, 6 months 
to 9 years of age. of whom 46% were males and 54% were 
females. The cohort included between 12 and 64 children at 
each year of age. Informed parental consent was obtained 
after thorough explanation of all procedures involved in the 
study; which was approved by the Ministry of Health of 
Burkina Faso. The study begun in May 2001 with a cross- 
sectional survey and ended in November with a final cross- 
sectional survey. A third cross-sectional survey was performed 
in the middle of the rainy season, in August, 
• In the course of this longitudinal study, the cohort of 
children was monitored clinically and parasxtologically by 
the field assistants of the Centre National de Recherche et 
. de Formation sur le Paludisme (CNRJFP), who were resident 
in me village, Each child was visited every 2 days: during each 
visit, information regarding, the heahh status was recorded 
on a standard questionnaire and systematic measurement of 
axillary temperatures was determined with a mercury ther- 
mometer. Blood films for the detection of p&xasiiaeniia were 
made from children with temperatures of 2 37*5°C. Parents 
were also instructed to bring sick children to the field assist- 
ants outside the scheduled visits, for recording of temperature, 
blood parasitaemia and for medication. Any child with fever 
was immediately treated with chloroqume, according to the 
recommendation of the National Malaria Control Programme. 
Individuals were considered to have a clinical malaria episode 
only (i) if they had a measured temperature £ 37-5°C and 
(ii) if they had parasitaemia of £ 5000 parasites/uX. This 
level of parasitaemia has previously been used as a criterion 
for cHnical malaria in another epidemiological study (29). In 
the case of several episodes of malaria occurring in the same 
individual, these were considered to constitute discrete 
episodes only if they were separated by at least 3 weeks. 

The data on the association of protection with an antibody 
response included in this report were from samples obtained 
from 293 children for whom cluneal and parasitologic&l 
data were available for the duration of the 7-month follow- 
up period and from whom serum samples were obtained in 
May 2001 (see below). The composition of this group was 
not signifies ntly different from the full cohort of the first 
survey m May 2001 (Tl) {n = 326) (data not shown). 

Parashological diagnosis 

Thick and thin blood films were air-dried; thin blood films 
were fixed with methanol and both stained with Giemsa 3%. 
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One hundred high power fields were examined and the num- 
ber of materia parasites of each species and stage recorded* 
The number of parasites per nucro litre of blood was calcu- 
lated assuming a fixed white cell count of 8000 per lnicrohtre. 

Sample collection 

Blood samples were obtained from the cohort on three 
occasions. The first samples were collected in May 2001 
(Tl), just before the onset of the rainy season, which corre- 
sponds to the high malaria transmission season. The second 
samples were collected in August 2001 (T2) during die peak 
of the high transmission season and the third samples in 
November 2001 (T3) at the end of the high transmission 
season. 500 ul* to I vxL of blood from each donor were drawn 
into nucrotubes. Serum samples Were stored at -20*C until 
use Negative control serum samples were obtained from 
16 healthy Swiss adults, who had never hved in a malaria- 
endemic area. A pool of plasma samples obtained from 
adults living in Burkina Faso and selected for high antibody 
reactivity to the LSP PfExp-1 101-162 were used as positive 
control. 

Peptides 

All LSP used in this study were chemically" synthesized using 
solid phase F-moc chemistry, as described (30.31). The 
crude LSP were purified by a combination of size exclusion 
chromatography (Sephadex G25, Pharmacia, Sweden) and 
RP-KPLC (Phenomena*, Rancho PftJos Verde*, USA) 
using a 10-50% CH 3 CN gradient in 0-1% TFA/H^O. The 
degree of purity of the LSP was analysed by RP-HPLC and 
mass spectrometry. Stock solutions of LSP (10 or 20 mg/ 
mL) in DMSO (Sigma, MO. USA) were stored at -20°C. 
LSP are i^Exp-1 101-162 (SWISS-PHOT database primary 
accession number P04926). MSP-3 154-249 (TrEMBL data- 
base primary accession number Q8IJ55), CLURP 801-920 
(TrEMBL database primary accession number Q25860) and 
CSP 274-375 (SWIS&-PROT database primary accession 
number P19597). 

Enzyme-linked immanDaorbent assay (£U6A) 

Serum samples were evaluated in duplicate by ELISA, at a 
dilution of I : 200, for the presence of IgG antibodies 
specific for the LSPs as described (27). The antibody ratio 
(Ab ratio) of the serum samples was calculated as the ratio 
of the optical density (OD) value of the test sample divided 
by the mean plus 3 standard deviations (SD) of the 1 6 Swiss 
negative control serum samples. A donor was considered 
positive for a LSP when the Ab ratio for this LSP was 
greater than one. 



Relation berwtun antibody response and malaria episodes 

The positive standard was a pool of serum samples from 
adult Buddnabe immune to malaria. Titration of the stand' 
ard was performed against each LSP in each experiment to 
control for inter-cjrperimental variation. 

Data analysis 

Data were entered using Epunfo Version 6 and Excel version 
2000- The statistical analysis was performed with STATA 
version 7-0. Children with antibody ratio > 1 were consid- 
ered seropositive and those with antibody ratio < 1 were 
considered seronegative. A malaria episode was defined as 
fever (temperature £ 37-5°Q with presence of at least 5000 
asexual blood stages of R falciparum- Malaria episodes were 
grouped into two categories: no malaria episode and one or 
more malaria episodes. The Wilcoxon signed-rank test and 
the Mann-Whitney rank-sum test were used to compare the 
antibody ratio between the groups for paired and unpaired 
data, respectively The X 2 test was used to compare propor- 
tions of children with at least one malaria episode between 
seropositive and seronegative responders. Multivariate 
analysis was performed by fitting a logistic regression, 
taking into account the effect of age and sex. to measure the 
association between serological status at each survey period 
and malaria episodes in the period of high malaria transmis- 
sion. Differences were considered statistically significant 
if P < 0 05. Kaplan-Meier curves were plotted to compare 
malaria attacks in seronegative and seropositive children for 
the 3 LSP. 

RESULTS 

Seronreralence and age 

Three cross-sectional surveys were performed in May, August 
and November 2001 on the same cohort of 326 children. In 
aU three aoss*sectio nal studies; 8 7% of the eval ualed children 
displayed IgG antibodies to at least one LSP, Exp-1 101- 
162, MSP-3 154-249 or GL-URP 801-920. For the May 
survey, the proportion of children with positive Ab ratio for 
LSP Exp-l 101-162 and GLURP 801-92O was 30-55% at 
0-5-3 years of age, 60-70% at 3-4 years of age and around 
60% for children 5-9 years old. For LSP MSP-3 154-249 the 
percentage of seropositive children was 31*5% at 0-5-3 years 
of age. 45% at 3-4 years of age, 60% at 5-7 years of age and 
83-6% at 8-9 years. For CSP LSP the prevalence was around 
20% at 0-5-4 years of age, 27% at 5-7 years of age and 43 -6% 
at 8-9 years (Table 1), During the May survey, the propor- 
tion of children with positive parasitaemia was 44%. 
Antibody response to the 3 LSP was significantly higher in 
children with positive parasitaemia than in children with 
negative psxttsitaenua. The mean antibody ratios were 3*0. 
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Table 1 Proportion of chikiran with po&inva antibody response to th £ evaluated LSP it the fin>r crass-secrional survey 
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Percentage (ft/lowi) of children wiih positive antibody responses 



Age group (year?) 



P/Eap-1 101-162 



MSE -3 154-249 



GLLTRP 801-920 



274-375 



0*5-3 years 
3-4yaars 
5-7 years 
g-9yoarB 
Pearson's ^ 
P-vahiQ 



57-4 (31/54) 
73-2(52/71) 
81 3 (83/102) 
351 (57/67) 
15-7 

p = 0-001 



45-1 
60-0 



31-5 (17/54) 
32/71) 
61/102) 
83-6 156/67) 
3S-r 

-P<<rt»l 



, number of children with positive antibody response*. 



Table 2 Proporti on of children with a single or multiple antibody r« ponse to the 3 T^SP and %h«ir mean number of malaria episodes 



Antibody n Lspoose to 



0 LSP 



Percentage (n/totaj) of children with Ab ratio > i 13 (38/293) 

Mean cumber of malaria episodes j oi 

Odds Ratio (risk of developing one or 1*0 
more episodes of malaria adjusted for age) 



ft Kxuska J-WalHs tesl for the dnTerenoe in number of malaria episode i 
one LSP. 



2*3 and 4*4 in the former group of children vs. 2-1, 1-2 and 
3-1 in the latter group of children, respectively, for PfExp-l, 
MSP-3 and GLURP. 

LSP response in relation to clinical protection against 
malaria 

The number of children who were involved in the May survey 
and followed up during the longitudinal survey was 293. 
During the follow-up period 299 episodes of fever + parasitae- 
mia were observed, and 144 of these events met our definition 
of a malaria episode (fever + 5000 asexual fonns/jAL), 

In order to establish whether a pre-existing antibody 
response to one of the LSP could influence the number of 
malaria episodes, the antibody response to the LSP was 
compared at the beginning of the rainy season, May 2001, 
with the number of malaria episodes reported during the 
longitudinal study. For LSP P/Exp-1 101-162, it could be 
observed that children without any episode had a signi- 
ficantly higher antibody response than children with l T 2 or 
3-4 reported malaria episodes (Mann-Whitney rank- 
sum test: P <• 0-OOt. P - 0-0053 and P < 0-001, respectively; 
Figure la). Similar results were obtained for LSP MSP-3 
154-249 (P - 0 0055, P * 0-001 and P < 0 001. respectively; 
Figure lb) and LSP GLURP 801-320 (P < 0 001. P < 0 001 



35*2(19/54) 
60-6 (43/71) 
$2*3 (S4/102) 
80-6 (54/67) 
44*1 

P< 0-001 



20-0 (S/40) 
23-5 (12/51) 
27-3 (2lf77) 
43-6 (24/55) 

8-1 
P = 0W 



I LSP 



2 LSP 



3 LSP 



17-1 (50/293) 25-9 (767293) 44 (129/293) 

0-49 0-29 0»20 

i»<0001 a 

0-29, J»< 0*001 0-11, P< 0-001 0007, P< 0-001 



between children with and without antibody response against at least 



and P < 0-001 , respectively; Figure IcV Kaplan-Meier estim- 
ates were plotted to compare the probability of getting the 
first malaria episode between seropositive and seronegative 
children far the 3 LSP (Figure 2a,b^) at the beginning of 
malaria transmission season. May 2001, The probability 
of developing clinical malaria was significantly lower in 
children who were seropositive for //Exp-1 101-16*2, MSP 3 
154-249 and GLURP 801-920 at, respectively. 0 07, 0 09 
and 0-04. In seronegative children the chances Of developing 
a malaria episode were 0-3, 0*33 and 0*37 (in all cases log- 
rank test P'Vahie was less than 0-001). In addition, since 
children presented an antibody response to mote than one 
antigen, it was asked if this correlated with a lower malaria 
risk. As seen in Table 2, lower malaria episodes were detected 
m children with a -response to more than one antigen. 
However, because the antibody ratios to the LSP correlated 
significantly with age (Spearman's rank correlation test: 
P < 0-001 for Exp-1. MSP-3 and GLURP; data not shown), 
we analysed the number of malaria episodes and serological 
status of children using a logistic regression model (Table 3). 
The presence of antibodies to LSP Exp-1 , MSP-3 or GLURP 
but not CSP was correlated with a lower incidence of 
malaria episodes observed in the following malaria season. 
Having paxasjtaeroia before the high transmission season 
did not appear to affect the association between responding 
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figure 1 Associaoom between antibody responses to the LSP 
and Dumber of malaria episodes. Children were clinically and 
pawsitolosicaUy monitored from May to November 2001. The 
serum samples were evaluated by EUSA ibi the reco^nitioa of 
LSP PfExp-1 101-162 (a). MSM 154-249 (b) or GLURP 801-920 
(c). Tire serum sample {n = 293) were collected at thr end of the 
dry season in May 2001 (Ti). The major horizontal tine indicates 
the median of ihc and body ratios and the minor horizontal lines the 
25th and 75th percentiles. The number (n) of children was as 
follows: 0 episodes, it = 165; 1 episode, n ^ 34; 2 episodes, 7? = 33 
and 3-4 episodes, n - 12- 
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Figure 2 Kaplan-Meier corves for the occurrence of the first 
malaria episode in children seropositive and seronegative for the 
3 LSP. Children 'were clinically and parasuoJogicatty monitored 
from May to November 2001. The serum samples were evaluated 
by EUSA for the recognition of LSP P/Exp*l 10L-I62 f>0, 
MSM 154-249 (b) or GLURP 801-920 <c). 
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tweeu serological stvtu& 


to the evaluated LSP during cross-sectional survey of May (Tl) tmd 


malaria episodes 


LSP 




Mean number Of 




Odds ratio" (9S%c.i*> 


Serological stanis 


malaria episodes 


Percentage (rr/toUl) 


P-valuc 


J'/Exp-l 101-162 


Seronegative 


0-6S 


29*4 148/163) 


0*23(0-10.0-51) 


MSF-3 154-349 


Seropositive 


0-25 


6-9(9/130) 


P<0001 


Scion cgH tsve 


0-72 


33*1 (42/127) 


0-32(0-16.0-64) 


OLURP 801-920 


Seropositive 


0-31 


9-0(15/166) 


f» = 0-003 


Seronegative 


0-79 


37 2(51/137) 


O il (0-04. 0-2S) 




Seropositive 


0-23 


3-9 (67156) 


F< 0-001 


CSP 274-575 


Serou*sative 


0-56 


24-1 (38/158) 


047(0-18. MS) 




Seropositive 


0-30 


10-8 (7/65) 





a, number of children wan one or more malaria episodes. 

•OR adjusted for age and sex using logistic regression; b au confidence interval. 



to one or more LSP and the risk of experiencing a malaria 
episode. A logistic regression model including the 3 LSP 
suggest that the 3 LSP were comparable in reducing malaria 
attacks with sKghtly higher protective effects for Exp-1 and 
GLURP 

DISCUSSION 

The long synthetic polypeptides ryEnp-1 101-162, MSP-3 
154-249 and GLURP 801-920, representing antigenic 
fragments of three asexual blood stage antigens of R falci- 
parum parasite, were used to study the acquisition and 
evolution of antibodies during natural malaria infection in 
children fivjng in a hyperendemic area in Burkina F&SO. The 
results demonstrated that there was a high prevalence (up to 
87%) of serum IgG to at least one of the three LSP among 
the evaluated Burkinabe children, and this prevalence 
increased with age. The levels of the antibody responses 
against these tested LSP also increased with the age of the 
children, and were positively associated whh a reduced 
a umber of clinical malaria episodes. The results ob tain ed 
for LSP GLTJRP 801-920 are in complete accordance with 
two other longitudinal studies where a recombinant GLURP 
protein covering the sequence 489-1271 (17) and the same 
LSP GLURP 801-920 (32) were used. This accordance with 
already published studies validates the correlation described 
here between protection and the level of antibody response 
to P/Exp-l 101-162 and MSP-3 154-249. 

The prevalence of positive response to the 3 LSP remained 
stable over the 3 cross-sectional surveys of the transmission 
season (data not shown). 

The lack of antibody response to any of iho LSP in 13% 
of the evaluated children is most likely related to their young 
age (mean age 3-1 years) and lower parasite exposure 
compared to children that responded to 2 or 3 LSP (mean 
age 4-9 and 5-9 years, respectively). In fact, previous sctch 
epidemiological studies conducted with monozygous African 



twin pairs have shown that genetic factors do not play a 
major role in determining antibody responsiveness to 
various malaria antigens (33,34). It is also possible that the 
sequence polymorphism of the R2~repeat region of GLURP 
among different alleles of parasite could induce antibodies 
with other specifidnes than the one present in our sequence 
801-920 (35). This remark is not applicable for LSP MSP-3 
154-249, where the C-terminai fragment of MSP-3 has been 
£hown to be highly conserved m laboratory clones and field 
isolates (36). Similar consideration should apply to the 
molecule. The weak polymorphism of the whole 
sequence of F/E^p-l observed among laboratory strains 
(18 T 19) needs to be confirmed with the genotyping of 
P. falciparum parasites isolated from donors Irving in the 
same endemic area of this longitudinal study in Bu rkina 
Faso. Determination of tho presence and frequency of 
eventual point mutations among field isolates and com- 
parison whh the Immoral immune response against LSP 
P/Exp-1 101-162 may explain the absence of response in 
the serum samples of certain children. 

Recent studies have shown that GLURP (15*37) and MSP-3 
(38) contain B-cetl epitopes that are targeted by cytophilic 
IgG such as IgG I and IgG3, and in conjunction with blood 
mononuclear cells via their FcyRU receptors trigger the 
release of killing factors such as TNF-a (39), This mechanism 
is called antibody-dependent cellular inhibition (AD CI) (40). 
Determination of the isotypds) of the IgG against LSP 
P/Exp-1 101-162 and the study of an eventual association 
with protection among children and adults from endemic 
areas could explain the mechanism of action of ami->YExr> 1 
101-162 antibodies, and it is expected to be important for 
the choice of adjuvant and for optimization of the protocol 
of immunization for future clinical trials. 

Tt should also be pointed out that the association between 
protection and antibodies specific for a given B-cell epitope 
does not indicate that the antibody response to the whole 
protein is protective (41), and the use of LSP covering a 
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whole protein domain with defined conformation is of 
interest to discriminate between protective and immuno- 
dominant epitopes. The results of this longitudinal study with 
three different and unrelated LSP point Coward the design 
of a subunit malaria vaccine. In fact, it seems the level D f 
the antibody response to a. given antigen and the number of 
antigens simultaneously targeted by antibody responses 
are important for the protection. The strong association 
between the pair wise antibody response co the LSP 
101-162, MSP-3 154-249 and GLURP 801-920 indicates 
that protected children are the ones that can positively 
respond to different asexual blood stage antigens. Since a 
few children without antibody to any of the 3 LSP remained 
free of clinical malaria episodes during the longitudinal 
survey, other B-cdJ epitopes on the evaluated antigen or other 
malaria asexual blood or pre-crythrocytic antigens must 
also be targeted by protective antibodies or T-cell response. 
Therefore, further studies with other B-cell epitopes of the 
evaluated antigens or with other asexual blood stage anti- 
gens could help us to shape the repertoire of the targets of 
the protective immunity. 

To conclude, this study demonstrates in children a positive 
association between their level of IgG specific for J»/Exp-1 
101-162, GLURP 801-920 and MSP-3 154-249 before the 
raining season and subsequent protection from clinical 
malaria episodes. The predictive value of such an analysis 
needs to be confirmed in other settings. In addition, these 
results justify further studies of the P/Esp-l protein to 
understand its mechanism and contribution to the acquired 
protective immunity and place Pf£ip-l in the rank of a 
malaria vaccine candidate together with the MSP-3 and 
GLURP molecules. 
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